Abstract We are not aware of published cost-effectiveness studies addressing community transitional programs for HIV-infected jail detainees. To address this gap, data from 9 sites of EnhanceLink, a project that enrolled HIV-infected releasees from jails across the US, were examined. Figures on the number of clients served, cost of linkage services, number of linkages and 6-month sustained linkages to community HIV care, and number of clients achieving viral suppression were assessed for subjects released in the first quarter of 2010 (n = 543). The cost analysis included all costs that participating service agencies incurred. A costeffectiveness analysis was conducted to estimate the new HIV cases averted by EnhanceLink and the cost per qualityadjusted life year saved by the program. The mean cost per linked client was $4,219; the mean cost per 6-month sustained linkage was $4,670; and the mean cost per client achieving viral suppression was $8,432. Compared to standard care, the cost per additional quality-adjusted life year saved was $72,285, suggesting that the EnhanceLink interventions were cost-effective from the societal perspective.
Introduction
In 2006, one-sixth of all HIV-infected persons in the US were incarcerated at least once [1] . Annually, 95 % of 150,000 HIV-infected persons leaving correctional institutions leave jails (short term facilities for those awaiting trial or serving brief sentences) [1] . Incarceration and subsequent community reentry often interrupts usual channels of healthcare, especially for short-term inmates [2] . The National HIV/AIDS Strategy advocates ''unfettered access'' to HIV care [3] , as both a human right and a prevention strategy. Nonetheless, out of 377 Medline articles on HIV and incarceration in 2009, only 12 (3 %) dealt exclusively with jails. HIV prevention strategies for jail releasees, and determining their cost-effectiveness, have received little attention in the prevention literature [4] . Cost-effective strategies for initiating or maintaining access to HIV care for those who move in and out of jails are needed.
A single city or county government runs the typical jail. Most receive little or no supplemental state or federal funding. Jails seldom have resources to expand services beyond what is critical to their core mission, promoting the safety of the public. By partnering with local health departments, jails can help their sister agencies attain health goals unachievable without cooperation (e.g., ensuring HIV-infected releasees link to care). The benefits realized by improved health outcomes, however, are often not viewed as part of justice reinvestment at the local level. Thus, while local jails may be the correct loci for public health interventions, and they may buy into the notion that collaborations constitute ''good government'', the jails themselves seldom reap the benefits of such partnerships. The motivation to develop public health interventions in jail settings usually comes from informed leaders with a society-wide perspective. A demonstration that a particular intervention is cost effective and provides value to society as a whole could facilitate the allocation of funds to promote the health of the public in a correctional setting.
Although the full societal value of successfully linking HIV-positive detainees to medical care is unknown, there are key reasons to consider the cost and cost-effectiveness of such interventions. Successful and sustained linkage would be expected to improve the patient's health and quality of life. For patients prescribed ART, linkage would also be expected to reduce the likelihood that they would transmit HIV to sex partners. Specifically, a recent analysis suggests that linking patients to care, including ART, reduces the secondary HIV transmission rate [5] -which is defined as new cases per year per infected individual [6] .
This study fills a void in the literature by analyzing the cost and cost-effectiveness of a program that links HIVinfected individuals who are released from jail settings to community-based HIV care. Data used in this analysis are from the Enhancing Linkages project (EnhanceLink) funded by the Health Resources and Services Administration (HRSA). As detailed previously [7] , in 2007, HRSA released federal funds to assist select organizations with enhancing jail-based HIV testing and linkage of their positive clients to care. As a Special Project of National Significance, the ten site demonstration project was designed to develop several models of effective programming in a variety of settings-medium to large jails, in cities at different stages of the HIV epidemic, and in regions with varied drug use patterns.
Methods
A description of the varied services provided at each site has been previously published [7] . Clients began enrolling in the EnhanceLink program in 2008. Data for the present analysis reflect the first quarter of 2010, after the linkage programs were well-established at all study sites.
The EnhanceLink grantees were situated in the following ten cities: Atlanta, GA; Chester, PA; Chicago, IL; Cleveland, OH; Columbia, SC; New Haven, CT; New York, NY; Philadelphia, PA; Providence, RI; and Springfield, MA. Inclusion and exclusion criteria varied by site. For example, one chose to enroll only women; two excluded the seriously mentally ill. Resources from other funding streams could augment the budget of the transitional care programs. The program in New York, however, was excluded from the present analyses due to the magnitude of its budget, in which HRSA funds accounted for only one-seventh of expenditures, its incomparably large number of clients served, and the economies of scale realized at this site.
Sites provided case management services for HIVinfected jail detainees that began before release. Grantees were allowed to select how they allocated their resources related to pre-versus post-release services. Programs varied by emphasis placed on linking patients to psychiatric and substance abuse services.
Data Collection
Each quarter, sites submitted program level data to a coordinating center. Grantees used study-wide instruments to collect quantitative, individual level data on a subset of clients, all of whom consented to be followed for 6 months after leaving jail. Clients were free to disenroll at any time; the total time inside and outside of jail for which the typical client received services was about 6 months. In addition to data from face-to-face interviews, the programs sent the evaluation center clinical data pertaining to the management of HIV for clients on whom individual level data were collected.
Main Study Outcomes
Main study outcome indicators included: (1) the total number of clients served (''number of cases on the books'', inside and outside of jail) during the quarter of analysis; (2) the rate at which clients were successfully linked to medical care in the community setting; (3) the rate that clients demonstrated sustained linkages to medical care; and (4) the rate that those linked to medical care achieved an suppressed viral load through taking highly-active ART. Linkage was considered successful when the medical chart showed the client obtained a CD4 cell count in the 6 months following release. Linkage was considered sustained when the client had at least two CD4 counts in the 6 months post release. Rates of various degrees of linkage in outcomes (2), (3), and (4) were derived from the mean rates experienced by clients released during the last two quarters of 2009 through the first quarter of 2010 who consented to provide client-level data (n = 543). Because clients' receipt of case management services averaged 6 months, mean rates from these releasees were considered representative of those from the clients ''on the books'' during the quarter of analysis.
Cost Analyses
The cost analyses were conducted from the provider perspective and included all costs incurred by the participating service agencies in the course of providing linkage services to HIV-positive jail detainees. Cost data collected during the first quarter of 2010 were adjusted for regional differences using the Consumer Price Index and are expressed in 2010 dollars.
Program cost information was derived from time and activity logs maintained by project staff and through comprehensive surveys completed by project coordinators. Specifically, project staff reported their activities on an Activity Time Sheet over a period of 5 different days of the week in 1 month. Staff time was categorized into five activities: arrangement for in-jail services; arrangement for community services; referrals to outside programs; followup; and miscellaneous (which included office work, travel, and downtime waiting for jail gates to be opened). The project coordinator survey inquired about the costs required to sustain program operations after the start-up phase. Costs were disaggregated both by when the costs were incurred (pre-or post-release) and by cost category (personnel/staff, materials, overhead).
Paralleling the main study outcomes, the main costeffectiveness analyses focused on the means of the following economic efficiency indicators, weighted by the number of clients served at each site: (1) cost per client served; (2) cost per client successfully linked to medical care; (3) cost per sustained linkage; and (4) cost per client with suppressed viral load at 6 months. If viral load data were missing for a client, that client was considered unsuppressed.
HIV Prevention Cost-Effectiveness Analysis
The main cost analyses were supplemented by an HIV prevention cost-effectiveness analysis that estimated the cost per quality-adjusted life year (QALY) saved by the EnhanceLink program compared to standard of care. This analysis used an HIV transmission rate model [8] to estimate the number of secondary HIV infections prevented by the linkage program. The transmission rate for a particular group of HIV-infected persons is defined as the mean number of secondary infections per member of the group [6] . To illustrate, approximately 1,178,350 persons are currently living with HIV in the US [9] and an estimated 50,125 persons acquire HIV each year [10] . The overall annual transmission rate is therefore 50,125/1,178,350 = 4.3 %. That is, on average, each person living with HIV (PLWH) in the US transmits the virus to about 0.043 previously-uninfected persons per year. The transmission rate for any particular subgroup of PLWH could be larger or smaller than this overall rate. For example, we calculated a transmission rate of c L = 0.0145 for PLWH who are sustainably linked to care, versus a rate of c U = 0.0393 for serostatus-aware PLWH who are not sustainably linked to care (the derivation of these rates is described below). These transmission rates suggest that, for each client who is sustainably linked to care, c U -c L = 0.0248 secondary HIV infections are prevented each year.
Each prevented secondary infection saves society the lifetime medical care costs, T, associated with treating a case of HIV infection and also prevents the loss of Q quality-adjusted life years. The cost-effectiveness ratio associated with the EnhanceLink program-that is, the net cost per QALY saved by the program compared to standard of care-can be expressed as [(C E -C S )-(A E -A S )T]/(A E -A S )Q, where C E is the annual cost of the EnhanceLink program; C S is the cost of the standard of care; A E is the reduction, due to ART, in the total number of secondary HIV infections per year for EnhanceLink clients who were sustainably linked to care; and A S is the reduction in the total number of secondary HIV infections for the standard of care. For EnhanceLink, the reduction in the number of secondary infections can be estimated as A E = P E (c U -c L ), where c L and c U , as above, are the annual HIV transmission rates for clients who are or are not sustainably linked to care, respectively, and P E is the number of EnhanceLink clients sustainably linked to care. Similarly, for the standard of care condition, A S = P S (c U -c L ).
Because the EnhanceLink study did not include a standard of care comparison group, we used data from the Antiretroviral Treatment and Access Study (ARTAS) [11] which compared an intensive case management intervention (similar to the one evaluated in the EnhanceLink study) to a passive referral standard of care condition-to estimate the number of clients who would have been initially linked to care in the absence of a case managementbased linkage program. In ARTAS, clients in the case management condition were 1.3 times more likely to be successfully linked to care than persons in the standard of care condition. We assumed that the same ratio would have been obtained in the present study had it included a standard of care condition. In addition to the base case ratio (1.3), we examined linkage ratios of 1.17 and 1.43 (10 % smaller or larger) in the sensitivity analyses.
Our analyses hypothetically followed the cohort of persons sustainably linked to care by the EnhanceLink program over a period of 10 years to estimate the number of secondary infections prevented during each 6-month interval. Secondary infections were discounted at a 3 % annual rate in the base-case analysis. Based on data from ARTAS, we assumed an 18 % attrition rate (loss to care) in the second 6-month period among persons sustainably linked to medical care services. Thereafter, the attrition rate was reduced by 50 % in each succeeding 6-month period. In the sensitivity analyses, the analytic time frame was varied from 5 to 15 years, the discount rate from 0 to 5 %, the attrition rate from 13.5 to 22.5 %, and the attrition rate reduction factor from 25 to 75 %. All analyses assumed a medical care treatment cost of $10,000 per 6-month period [12, 13] for each client sustainably linked to care.
Lifetime HIV-related medical care costs (discounted at a 3 % annual rate) were drawn from a published source [14] and inflated to 2010 dollars, yielding T = $482,512. The number of QALYs saved by preventing a secondary case of HIV infection, Q = 6.43 [15] , was also discounted at a 3 % annual rate. In the base-case analysis we assumed that the passive-referral standard of care cost C S = $10 per client (equivalent to approximately 30 min of a case worker's time), regardless of whether or not the client was successfully linked to care; this value was varied from 0 to $20 in the sensitivity analyses. The cost per client for the EnhanceLink program, C E , was estimated from program records as described above.
Secondary transmission rates were derived using the methods described by Pinkerton [8] using updated parameter values. The full transmission rate model is specified by the following equations:
In these equations, I is the annual incidence of HIV infection in the US; N 0 is the number of persons living with (presumably undiagnosed) acute HIV infection; N 1 is the number of PLWH with non-acute infection who are unaware of their serostatus; N 2 is the number of serostatusaware PLWH with detectable viral load; N 3 is the number of serostatus-aware PLWH with undetectable viral load; c k is the transmission rate for group N k ; and the l(k, k ? 1) terms are transmission risk reduction factors.
The parameter values used to derive the transmission rates are listed in Table 1 , together with the transmission rates themselves. Of note, the transmission rate model assumed that persons with undetectable viral load are incapable of transmitting HIV (c 3 = 0) [16, 17] . In the EnhanceLink study, 63 % of clients sustainably linked to care had undetectable viral load. Consequently, the transmission rate for sustainably-linked clients can be estimated as c L = 0.37*c 2 ? 0.63*c 3 = 0.0145. Because PLWH who are not sustainably linked to care can be presumed to have detectable viral load, the transmission rate for this group of PLWH is simply c U = c 2 = 0.0393.
Results
Across the nine study sites, the cost of providing linkages to medical care and social support services over 6 months ranged from 737 to $7,856 per client, with a mean perclient cost of $2,551, as shown in Table 2 . Per-client costs were negatively-correlated with the number of clients served at each site (Spearman's rho = -0.83, p = 0.005), indicating economies of scale.
All but two sites spent more on post-release case management services (CMS) than on pre-release CMS. Overall, approximately two-thirds (63 %) of total expenditures were for post-release CMS. Personnel costs accounted for an average of 79 % of total program costs across sites.
The percentage of clients initially linked to medical care services ranged from 39 to 88 % across sites, with a weighted mean of 57 %. Fifty-two percent of clients were sustainably linked to care. More than half (63 %) of clients with sustained medical care linkages had undetectable viral load. The mean cost per linked client was $4,219; the mean cost per sustainably-linked client was $4,670. The mean cost per client with undetectable viral load was $8,432.
A total of 543 clients participated in the EnhanceLink study at the 9 sites included in the cost-effectiveness analysis, at a total cost of $692,478 per quarter, or $1,384,962 over 6 months. Figure 1 displays the cumulative number of infections prevented by the EnhanceLink program compared to the standard of care, together with the corresponding incremental cost-effectiveness ratios, over the 10-year modeling period. As shown in the figure, a total of 9.9 infections would have been prevented at the end of 10 years, yielding an incremental cost-effectiveness ratio of $72,285 per additional QALY saved. Because this ratio is less than $100,000, EnhanceLink can be considered cost-effective over this time period [18] .
The cost-effectiveness ratio was most sensitive to the time frame of the analysis, as shown in Table 3 . Specifically, the EnhanceLink program would not be cost-effective (i.e., the cost-effectiveness ratio would exceed $100,000 per QALY saved) if the time frame of the analysis were restricted to 3.5 years. The EnhanceLink program remained cost-effective for all other parameter values considered in the sensitivity analyses.
Discussion
Our study sites linked 64.6 % of HIV-infected releasees to community HIV care, at an average cost of $2,551 per client served, using activities that the AIDS service organizations believed were appropriate to the unique contexts of their respective locations. For example, a site in a community with a strong safety net of services devoted most of its activity to the jail setting; those situated in cities where the referral network is less developed allocated more services to the post-release phase. Using the assumption that case management was as least as effective as published data on linkage, we demonstrated that, project-wide, HIV linkage services for jail releasees were cost-effective to society.
A major limitation of this study was its reliance on data from a previous randomized, controlled trial of case management, ARTAS, to show the added benefit in linkage with services versus the scenario of no services, where presumably a minority of persons would still link to medical care. The ideal data would come from a randomized trial of intense case management intervention in jail. Another limitation was the possibility of ascertainment bias. Our analyses used the most conservative estimates of linkage rates, ones verified by medical chart reviews. Thus, unconfirmed client self-reported linkages, which were likely true instances of linkage, were not considered as linkages in the analysis. Finally, although the EnhanceLink cost analysis was conducted from the payer perspective, a societal perspective was adopted for the cost-effectiveness analyses. The calculated cost-effectiveness ratio therefore overstates the true cost-effectiveness of the program by an unknown amount. In August 2011, CDC unveiled a new approach for reducing HIV infections in the US: High Impact HIV Prevention. The strategy involves using ''combinations of scientifically proven, cost-effective and scalable'' prevention interventions [19] . Given this new evidence suggesting that case management to help HIV-infected persons transition from jail back to community care is cost-effective, transition services should continue to be studied. Effective interventions should be adopted nationwide as a standard part of local health departments' prevention packages. Future analysis will need to assess where transitional case management fits into the mix of prevention interventions. Programs for routine HIV testing, syringe exchange, treatment of substance abuse, and housing all play a role in reducing new cases of HIV. Future studies could explore whether a combination of interventions, one layered upon another, would be incrementally cost-effective. Factorial, randomized controlled trials could simultaneously measure the effectiveness of several interventions, alone and in combination [20] .
For now, we offer evidence that, once established, interventions to enhance linkage of jail releasees to community HIV care appear to be cost-effective from the societal perspective. Although linking clients who are released from jail settings to community-based HIV care is resource intensive, it may be a judicious intervention to ensure releasees have unfettered access to HIV care. Programs to promote linkage for HIV-infected jail releasees merit more study, which will likely justify sustained funding. 
